Abstract. We describe remarkable success in controlling dengue vectors, Aedes aegypti (L.) and Aedes albopictus (Skuse), in 6 communes with 11,675 households and 49,647 people in the northern provinces of Haiphong, Hung Yen, and Nam Dinh in Vietnam. The communes were selected for high-frequency use of large outdoor concrete tanks and wells. These were found to be the source of 49.6-98.4% of Ae. aegypti larvae, which were amenable to treatment with local Mesocyclops, mainly M. woutersi Van der Velde, M. aspericornis (Daday) and M. thermocyclopoides Harada. Knowledge, attitude, and practice surveys were performed to determine whether the communities viewed dengue and dengue hemorrhagic fever as a serious health threat; to determine their knowledge of the etiology, attitudes, and practices regarding control methods including Mesocyclops; and to determine their receptivity to various information methods. On the basis of the knowledge, attitude, and practice data, the community-based dengue control program comprised a system of local leaders, health volunteer teachers, and schoolchildren, supported by health professionals. Recycling of discards for economic gain was enhanced, where appropriate, and this, plus 37 clean-up campaigns, removed small containers unsuitable for Mesocyclops treatment. A previously successful eradication at Phan Boi village (Hung Yen province) was extended to 7 other villages forming Di Su commune (1,750 households) in the current study. Complete control was also achieved in Nghia Hiep (Hung Yen province) and in Xuan Phong (Nam Dinh province); control efficacy was Ն 99.7% in the other 3 communes (Lac Vien in Haiphong, Nghia Dong, and Xuan Kien in Nam Dinh). Although tanks and wells were the key container types of Ae. aegypti productivity, discarded materials were the source of 51% of the standing crop of Ae. albopictus. Aedes albopictus larvae were eliminated from the 3 Nam Dinh communes, and 86-98% control was achieved in the other 3 communes. Variable dengue attack rates made the clinical and serological comparison of control and untreated communes problematic, but these data indicate that clinical surveillance by itself is inadequate to monitor dengue transmission.
INTRODUCTION
From 1995, with the assistance of the World Health Organization and various consultants, the national strategy for surveillance and control of dengue in Vietnam was redrafted, and a plan of action was developed. The new strategy involved a paradigm shift from an emergency response to a preventive approach by use of local predacious copepods, Mesocyclops spp., coupled with community participation. Mesocyclops spp. are particularly common throughout Vietnam, with 9 species recovered from natural and artificial containers in 26 provinces. 1 Predacious cyclopoids are particularly effective at eliminating newly emerged Aedes larvae from large water-storage containers and wells, and because of their broad diet, consisting of algae, protozoa, and rotifers, they do not depend on a continuous supply of mosquito larvae to maintain their numbers. 2, 3 In addition, in Vietnam, the corixid bug Micronecta quadristrigata Bredd. and fish also contribute to the control of Aedes larvae. 1 In 1998, we reported that eradication of Aedes aegypti (L.) had been achieved at Phan Boi Village, 31 km east of Hanoi. 4 The combination of Mesocyclops in most large waterstorage containers, coupled with enhanced community cleanups, especially for economic gain, proved very successful and served as a model for the broader intervention study reported here. In contrast to the 400 households at Phan Boi, the current study involved 11,675 households in Haiphong, Hung Yen, and Nam Dinh provinces.
The community evaluation, training, and mobilization process for the 3 provinces was performed from April to July 1998. In northern Vietnam, epidemics of dengue often occur from June to November, and during 1998, the largest dengue and dengue hemorrhagic fever epidemic in Vietnam since 1987 occurred, with official data recording 234,920 cases and 377 deaths (Communicable Diseases Statistics, 1998, National Institute of Hygiene and Epidemiology, unpublished data). The epidemic provided us with an early opportunity to test the efficacy of our Aedes control program in these 6 treated communes and to compare morbidity rates with those for 4 untreated communes. Figure 1 , Table 1 ), Lac Vien in urban Haiphong and rural Di Su, Nghia Hiep (Hung Yen province), Nghia Dong, Xuan Kien, and Xuan Phong (Nam Dinh province), were chosen for interventions on the basis of frequent dengue and dengue hemorrhagic fever as recorded from communal health centers (e.g., Nghia Hiep, 167 cases and 2 deaths spread over 1986, 1987, 1990, 1992, 1995, and 1996 ; Xuan Phong, 408 cases and 2 deaths in 1989, 1991, 1993, and 1994 ) and on the basis of a major source of Aedes larvae being large water-storage containers suitable for treatment with Mesocyclops.
MATERIALS AND METHODS

Study population. Six communes (
Four communes were assigned as untreated controls. Incidence rates were estimated for the 1998 epidemic for Gia Vien next to Lac Vien suburb of Haiphong, and for Xuan Tien, Xuan Phuong, and Tho Nghiep surrounding the 3 treated communes in Nam Dinh. Entomological data were collected from Gia Vien and Xuan Tien only. Residents of the 2 Haiphong suburbs were mainly state workers and retired people who used rainwater storage and piped water supplies for their daily needs. In Hung Yen and Nam Dinh, most inhabitants were involved in rice production (90%) and drew their water supplies from outdoor concrete tanks or wells, or via hand pumps. Approximately 10% of residents in Di Su commune were involved in waste recycling. The 6 communes chosen for intervention comprised 11,675 households with 49,647 residents.
Strategy for intervention. We had discussed introduction of Mesocyclops with the head of Di Su commune as early as February 1993, so in view of the success at Phan Boi village, expansion was seen as a logical progression (and in fact, some people were already inoculating Mesocyclops elsewhere). For Lac Vien and the communes in Nam Dinh, the proposed interventions and choice for untreated control communes were discussed at the provincial, district, and commune level before the study commenced. Many residents were already aware of our successful intervention at Phan Boi in Hung Yen province with predacious copepods, as well as in Tan Minh in Ha Tay province. 5 Having gained political and communal support for such interventions, the following stages were undertaken. During April 1998, an entomological survey was done to ensure that the container types producing the greatest numbers of Aedes were suitable for treatment with local Mesocyclops. Control efficacy was monitored at 3-month intervals thereafter. These surveys were performed in conjunction with 28 provincial, district, and communal health personnel who participated in 3 training workshops in 1996-1998.
After an entomological survey, large water tanks and wells were identified as already having Mesocyclops present or as suitable sites for inoculation of cultures from the National Institute of Hygiene and Epidemiology, Hanoi. This was done to establish local Mesocyclops resources in each commune. After 1 month, communal health workers and project staff, aided by representatives of the Women's Union, Youth Union, and Peasant's Union, began a Mesocyclops distribution campaign to residents, which was completed by July 1998. The campaign was launched via public meetings to initiate a community clean-up and Mesocyclops inoculation.
A total of 129 trained communal health volunteers made 256,969 person contacts from July 1998 to March 2000 to monitor mosquito levels and to educate residents. When larvae were detected in habitats previously inoculated with Mesocyclops, volunteers investigated whether Mesocyclops were still present. If absent, reinoculation was performed either by the volunteers, by the residents, or by schoolchildren who had adopted such households.
Two community project officers (CPOs), together with provincial, district, and commune staff, carried out knowledge, attitude, and practice surveys at the beginning of the project in April-May 1998 (1,819 questionnaires) and 12 months later during March-April 1999 (1,837 questionnaires).
Six training courses were convened for teachers, who in turn provided 128 hr of teaching to 126 classes of schoolchildren. Thirty-seven clean-up campaigns involved 9,451 schoolchildren and 238 teachers, who together collected 31,900 kg of discarded materials. Residents supported teachers and students to visit households to clean up discarded materials. Ten writing competitions and quiz sessions were organized for 2,625 schoolchildren and villagers.
Regular presentation of key messages was made via village loudspeaker announcements and supplemented by oc- casional television and radio coverage. A total of 12,500 posters and 12,500 brochures were distributed. A total of 110 community education and awareness meetings were held, each with an average attendance of 139. Entomological parameters. Formal monitoring of 100 households in each of the 6 communes for intervention (Lac Vien, Di Su, Nghia Hiep, Nghia Dong, Xuan Kien, and Xuan Phong) plus 2 untreated control areas (Gia Vien and Xuan Tien) commenced in April 1998 and continued every 3 months until March 2000.
For each commune, the frequency of each container category and its productivity in terms of third and fourth instar Ae. aegypti and Ae. albopictus (Skuse) were recorded. For aquaria or ornamental ponds, vases, discarded materials, ant traps, buckets, stone mortars, filter boxes, home distillery cooler tanks, jars, tanks for flushing toilets, and other smallto medium-capacity containers, the water was sieved through a 100-m mesh net, and immature mosquitoes were counted in a white tray. For outdoor concrete tanks (500-4,250 L), wells and metal drums (220 L), correction factors of 17, 5, and 3.5 were applied to the catch as calibrations for net sampling 6, 7 and funnel trap 8 usage in analogous situations in north Queensland, Australia. The population size for each survey period was expressed as a percentage of the numbers of third or fourth instars in the original April 1998 pretreatment survey. Control efficacy was estimated by subtracting the residual percentage from 100% (April 1998).
To examine the relative frequency and types of containers used by Ae. aegypti and Ae. albopictus, data for 1996 and April 1998 (preintervention) were examined first by chisquare test. Two groups of container types were apparent, and the number positive for Ae. aegypti relative to Ae. albopictus for these container groups was determined and differences tested by t-test.
The prevalence of Mesocyclops, the corixid Micronecta quadristrigata, and fish before commencement of the intervention was recorded during November 1995, July 1996, and April 1998. 1 From April 1998 onward, only Mesocyclops was monitored at 3-month intervals by use of a 20-cm-diameter and 30-cm-deep net of 100-m mesh; wells were monitored by funnel trap. Statistical significance of the prevalence of Mesocyclops in treated and untreated container types was determined by the t-test where the data were normal; otherwise, data were analyzed by the Mann-Whitney rank sum test (SigmaStat 2.0, Jandel).
Knowledge, attitude, and practice surveys. Excluding demographics, a maximum of 23 questions were asked, depending on the answers to 15 general ones (Table 2 ). Answers to these questions provided essential information about community perceptions of the etiology of dengue and 0.5 * Chi-square tests to establish container groups, in relation to utilization by each species. t-test between proportions Ae. aegypti to Ae. albopictus utilization for 2 groups (tank, jar, and well versus drum, discarded material, and ornamental pond) significant (t ϭ 3.84, degrees of freedom ϭ 4, P ϭ 0.019).
whether the disease was considered serious enough to warrant community action (questions 1-4). They were also questioned about mosquito recognition, biology, and behavior (questions 5-9), the acceptability of various control options, including Mesocyclops (questions [10] [11] [12] [13] [14] , and the value of different forms of information (question 15).
Two CPOs (T.V.P., V.B.D.) and 23 staff members from provincial, district, and commune health centers administered the questionnaire. More specialized follow-up questions were asked only if the respondent gave a correct answer to the original generic question, except for question 15, where respondents were given an opportunity to comment on all forms of information. Answers were recorded for analysis by Epi Info version 6.04b (CDC, Atlanta, GA), and in order to facilitate comparison, pre-and postintervention answers were standardized against the original number of respondents.
Clinical and serological surveillance. As a consequence of ancillary training to improve local expertise in serological testing and diagnosis of dengue, provincial, district, and commune health personnel received training on record-keeping, presumptive dengue diagnosis, and diagnostic serology. The CPOs collected official monthly records from the Provincial Health centers during the study period and scrutinized Commune Health center records to ensure that all possible dengue patients were being tested for serological evidence of dengue infection. Sera samples from patients who were suspected to have dengue were first tested at Provincial Health laboratories by means of immunoglobulin M capture enzyme-linked immunosorbent assay (ELISA) kits provided for the project, and the results were verified at the National Institute of Hygiene and Epidemiology (NIHE) by means of an immunoglobulin M capture ELISA prepared at NIHE. 9 Two training courses were held on diagnostic serology and use of the test kits, and a quality-assurance program was initiated for all laboratories participating in this study. A travel history for each patient was obtained to ascertain where infection occurred. In the untreated commune of Xuan Tien, a prospective serological study of 12-14-year-old schoolchildren was undertaken before and after the dengue seasons of 1998 and 1999. Before May of each year, sera from children were tested by hemagglutination inhibition test, 10 and those with anti-dengue antibody titers Ͻ 40 were retested after October. Sera from consecutive blood collections were tested in parallel. Informed consent was obtained for the serological study of schoolchildren by obtaining permission of parents or guardians via the appropriate health authority and commune leader.
RESULTS
Container type frequencies and larval productivity.
For Ae. aegypti (Figure 2) , concrete tanks comprised a mean (Ϯ standard deviation) of 30.2 Ϯ 7.6% of the total containers found to contain Ae. aegypti during April 1998 in 7 communes (Di Su was excluded because Phan Boi had previously been treated). However, when these numbers were adjusted for production of third and fourth instars, tanks were found to be responsible for 84.6 Ϯ 16.6% larvae. Similarly, jars and discards had the following frequencies and productivities: jars (36.6 Ϯ 6.2%, producing 6.7 Ϯ 7.5%) and discarded materials (12.1 Ϯ 7.2%, producing 5.3 Ϯ 9.8%).
In contrast, Ae. albopictus showed greater propensity for colonizing drums, discarded materials, and ornamental ponds (Table 3 ) than for colonizing concrete tanks, jars, and wells (t ϭ 3.84, degree of freedom (df) ϭ 4, P ϭ 0.019). Whereas tanks, jars, and wells provided 70.9% of biotopes for 92.3% of the larval Ae. aegypti population estimate, they comprised 30.6% of containers positive for Ae. albopictus and 39.6% of the larval population estimate. Whereas 12.1% of discarded materials were colonized with Ae. aegypti larvae, 38.7 Ϯ 38.3% were positive for Ae. albopictus, and were responsible for 51.3 Ϯ 31.8% of total Ae. albopictus larvae. Prevalence of Mesocyclops. Before treatment in April 1998, Mesocyclops was present in 23.9 Ϯ 14.2% tanks in the 6 communes for the intervention and in 13.3 Ϯ 4.0% tanks from the 2 communes designated as untreated controls. Mesocyclops also were found in 2.7 Ϯ 3.7% and 1.4 Ϯ 2.0% jars; 21.5 Ϯ 18.2% and 0% wells; 2.8 Ϯ 6.8% and 4.6 Ϯ 6.4% drums; and 2.6 Ϯ 6.5% and 2.0 Ϯ 2.8% ornamental ponds, respectively (Figure 3) . 
4). Differences in mean percentage positive for
Mesocyclops between treated and untreated containers from July 1998 and March 2000 were significant for tanks (MannWhitney rank sum test, t ϭ 75.0, n ϭ 8, P Ͻ 0.002), jars (Mann-Whitney, t ϭ 93.0, n ϭ 8, P ϭ 0.007), wells (t ϭ 6.3, df ϭ 14, P Ͻ 0.0001), and ornamental ponds (Mann-
20).
Knowledge, attitude, and practice surveys. On the basis of questions 1-4 (Table 2 ) of the 1998 preintervention survey, 59.7 Ϯ 12.8% of the respondents had a good general understanding of dengue and dengue hemorrhagic fever and its mode of transmission, and they understood that it was a dangerous disease. Knowledge of the appearance, biting, and resting behavior and breeding sites of dengue vectors (questions 5-9) was significantly less (t ϭ 7.0, df ϭ 8, P Ͻ 0.001), with a mean of 15.3 Ϯ 5.9%.
In terms of remedial action (question 10), 20.3 Ϯ 8.3% respondents knew about fish (Tam KT, unpublished data) and cleaning water-storage containers, but respondents had poor knowledge of the utility of proper management and source reduction of discarded materials (6.5 Ϯ 4.3%) or of Mesocyclops (2.6 Ϯ 4.6%). Some 15.0 Ϯ 12.5% indicated that they had heard of Mesocyclops (question 11), but only 10.9 Ϯ 11.5% understood the methodology (question 12). Nevertheless, 96.4 Ϯ 3.6% indicated acceptance of such a method (question 13), and 98.8 Ϯ 1.5% indicated willingness to participate in such a project (question 14). At Di Su commune, near the Phan Boi eradication village, 39.7% had previous knowledge of Mesocyclops, compared with 10.0 Ϯ 3.5% for the other 5 communes.
From question 15, it was clear that the most effective information came via health workers (professional staff at the national, provincial, district, or commune level). Because of this overwhelming response (94.8 Ϯ 3.1%), other modes of health education-for example, leaflets and posters (2.6 Ϯ 2.5%)-were given secondary status in terms of both logistical and budgetary support. On the basis of comparison of the average responses between the 1998 and 1999 surveys, there were significant increases in all cases, with t-test probabilities from P ϭ 0.025 to Ͻ 0.001 (Table 2) .
By 1999, there were some changes in perceptions of the credibility of other information sources, but only those for local officers (leaders and representatives of hamlets, unions, and People's Committee), and credibility of printed matter was significant. The response to mass meetings changed little (from 7.6 to 7.7%). Urban Haiphong differed in 2 other aspects: response to local officers was negative (3.5% less) compared with the rural communes (19.9 Ϯ 8.1% better); and response to loudspeaker announcements was Ϫ5.3% in Haiphong, whereas it rose by 10.8 Ϯ 4.6% in the other communes.
Population size and control efficacy. At the end of the study, Ae. aegypti population size at the 6 treated communes varied from 0-0.3% of the original April 1998 estimates ( Before the intervention, the number of breeding sites for Ae. aegypti and Ae. albopictus, ranged 0-57 and 0-24, respectively, per 100 houses (Table 5 ) (equivalent to Breteau indices). 11 During the epidemic period from July-October 1998, only one positive discarded container, with 2 Ae. aegypti larvae, was detected at Di Su, but in the other treated communes, reductions were recorded only at Nghia Hiep and Xuan Phong.
By March 2000, Ae. aegypti was found in only 6 containers (3 tanks, 2 jars, and 1 discard), whereas 137 containers were positive in April 1998. Similarly, for Ae. albopictus, there were 5 positives (all discarded materials), compared with 65 at the beginning. For Ae. aegypti and Ae. albopictus in the untreated communes, the number of positive containers at the start was 78 and 14, compared with 65 and 13 at the finish.
Clinical and serological surveillance. During 1998 and 1999 respectively, the number of clinically diagnosed cases of dengue was as follows: Haiphong (171; 499), Hung Yen (0; 0) and Nam Dinh (844; 93). The incidence per thousand in our treated communes was as follows: Lac Vien (0.68; 0), Di Su (0; 0), Nghia Dong (0.15; 0), Xuan Kien (0; 0), Xuan Phong (1.3; 0) compared with that for untreated communes, Gia Vien (0.18; 2.1), Xuan Tien (0; 0), Xuan Phuong (31.2; 0) and Tho Nghiep (13.4; 0).
In 1998, in the untreated commune of Xuan Tien, 18.4% of 156 children showed a Ն 4-fold rise in anti-dengue hemagglutination inhibition (HI) antibody titer in the absence of clinical disease. Twenty (12.6%) of these children seroconverted or showed a Ͼ 4-fold rise in anti-dengue antibody titer, indicating subclinical dengue infection during 1998. During 1999, 12.5% of the remaining children studied showed a Ն 4-fold rise in anti-dengue HI antibody titer, and 4.5% (9 of 201) seroconverted or showed a Ͼ 4-fold rise in anti-dengue antibody titer in the absence of clinical disease.
DISCUSSION
These data represent a remarkable achievement in dengue vector control. The eradication at the 400-household Phan Boi village 4 has not only been maintained but extended to 1,750 households in Di Su commune with the last Ae. aegypti (5 larvae in a vase) detected in September 1999. We now anticipate that the entire commune will achieve eradication status by September 2001. At Nghia Hiep and Xuan Phong, complete control of Ae. aegypti was also achieved; that for Lac Vien, Nghia Dong and Xuan Kien reached 99.7% or better. In April 1998, 137 of 2,551 containers contained Ae. aegypti larvae. By March 2000, only 6 containers were positive for Ae. aegypti, and 3 of these were concrete tanks that subsequently have been retreated with Mesocyclops. Although the project ended in March 2000, just after winter, population levels in untreated communes remained at 14.4-367.0% of the levels recorded in April 1998.
The control program was successful for various reasons. First, the high frequencies of concrete tanks and wells, in particular, meant that from 49.6% (Xuan Phong) to 98.4% (Nghia Dong) of Ae. aegypti larvae were produced in habi- tats amenable to Mesocyclops treatment. The correction factor applied to concrete tanks was based on net recoveries from volumes of up to 1,200 L in north Queensland. Because the average volume was 2,700 L, we acknowledge that we may be underestimating the productivity of concrete tanks in this study.
As the program progressed, the key container types 12 requiring prioritized control measures shifted from tanks and wells (successfully treated with Mesocyclops) to smaller items such as discarded materials and vases. This will always happen if our strategy model is followed. Second, the communities believed that dengue and dengue hemorrhagic fever were dangerous, and even with a reasonably poor knowledge of Mesocyclops, they were willing to participate in a health worker-driven system. Third, community recycling projects for economic gain, particularly in Hung Yen, assisted with sustainability and in the removal of metal, plastic, glass, tin, and rubber-based small containers, all of which were unsuitable for Mesocyclops treatment.
As in the case of Phan Boi village, eradication in Di Su commune was achieved despite the fact that Mesocyclops were not present in all containers. Previously we attributed this, in part, to the ''egg sink'' effect, 4 where Mesocyclopspositive containers competed with Mesocyclops-negative containers for oviposition. However, in Mexico, it was shown that water containers with M. longisetus (Thiebaud) (or containers that once had had M. longisetus) were more attractive to ovipositing Ae. aegypti than water where M. longisetus was absent. 13 Our data ( Figure 3) show that in northern Vietnam, Mesocyclops survived in outdoor concrete tanks (56-82% positive on average for the 6 communes) and wells (44-59%), but not as well in drums (4-17%) or jars (5-20%). The reason for this may be a paucity of food due to repeated cleaning of drums and jars; in addition, jars (average capacity, 20 L) were emptied regularly for daily household needs. In Honduras, however, 3 Mesocyclops spp. survived well in drums, particularly if the drums were inactive. 14 Mesocyclops survived better in ornamental ponds than the 6.7-38.4% prevalence suggested. In many of these, the capacity was Ն 10 L. They had central ornamentation and were lined with rocks or pebbles that precluded efficient net sampling.
Aedes aegypti numbers showed a systematic and progressive decrease with each survey because Mesocyclops were suited to their key container types. Slight differences in survey months from year to year would not affect these results. However, although Ae. albopictus was eliminated from the 3 Nam Dinh communes, admittedly from poorly established original populations, and 86-98% control achieved in the others, population size often fluctuated from survey to survey (e.g., Di Su, Nghia Hiep, and Xuan Kien; Table 4 ). This was due in part to random selection of 100 houses for each survey and to the relatively small population in April 1998, but also due to the predilection of Ae. albopictus for smaller and often temporary items. For example, the 21 vessels containing Ae. albopictus during September 1999 at Di Su were as follows: jars (n ϭ 5), ant trap (n ϭ 1), discarded materials (n ϭ 7), and vases (n ϭ 8) supporting 735 larvae (equivalent to 106.9% of the estimated larval population of April 1998). Marten and colleagues 14 demonstrated that Mesocyclops can be successfully maintained in vases if residents are taught to use a net to change the water, thus reintroducing copepods into the new water. Further, survey results for Ae. albopictus were likely to be influenced by the timing of the 37 cleanup campaigns: discarded materials averaged 38.7% of positive containers in April 1998 but contributed 51.3% of Ae. albopictus larvae. This difference in container type productivity between Ae. aegypti and Ae. albopictus also indicates that different control strategies are required.
Another major factor in our success was the willingness of the residents to participate in community-based activities for surveillance and control. Whereas at Hung Yen province recycling was a major activity for economic gain, this was not the case at Haiphong and Nam Dinh, although it did occur. In Hung Yen, a compactor was financed through a small grant scheme to improve efficiency, and a percentage of the profits was returned to the commune to facilitate the payment of health volunteers after the project ceased. Apart from the health volunteer system operating at 1 person per 100 houses, teachers and schoolchildren were particularly important in the overall success of collecting discarded materials (31,900 kg in total) and in distributing Mesocyclops, with respect to adopting some households for special assistance. Careful choice of local coordinating committee members and of the health volunteers themselves was crucial to progress, and this was overseen by the 2 CPOs attached to the NIHE health worker team.
There were some differences in attitudes of the rural Hung Yen and Nam Dinh people compared with those living in urban Haiphong. Whereas information from the trained health workers in our team was respected, Haiphong residents treated information from local officers with greater skepticism, even when the project was well under way in March-April 1999. We believe that rural commune residents develop a closer relationship with their elected representatives than with city dwellers. Public response to mass meetings changed little, whether urban or rural, and information via this source was not valued as highly as a personal visit. In rural Hung Yen and Nam Dinh, public broadcasts represented the major means for communities to gather information; consequently, the postintervention response was almost 11% better. In contrast, the response to loudspeaker announcements in urban Haiphong was 5% worse, possibly because it diverted attention from television, radio programs, and newspapers. There were no such diversions in Hung Yen and Nam Dinh.
We attempted to conduct clinical and serological surveillance in parallel to the entomological monitoring. In children, dengue infections may be mild or inapparent. Therefore, the absence of clinical disease in a community may not indicate that mosquito numbers have been reduced to levels sufficient to prevent virus transmission. In the untreated commune of Xuan Tien, no clinical disease was recognized despite the serological evidence of recent infection in children. A major impediment to the monitoring of virus transmission by using serial blood samples from an apparently healthy population was the culturally based resistance to the collection of blood.
However, the basic problem lies with the uncertainty of where dengue may occur, because outbreaks are not only sporadic but also spatially selective. This is not simply related to the different receptivities of communes; it is also because of inflow (or lack thereof) of infected people. Thus, during 1998, Hung Yen province had no cases, whereas Nam Dinh had 844 cases. Although we can confidently claim that the level of control in Di Su commune was sufficient to protect the residents from the epidemic, the 79-90% reduction in Ae. aegypti numbers in Nghia Hiep by October 1998 may only have been sufficient to reduce infection. We concur with Focks and Chadee 15 in Trinidad: few Ae. aegypti are required to support dengue transmission, although recently it has been suggested that the degree of suppression required in different localities is extremely variable. 16 For Hung Yen, however, the simple reality was that dengue did not arrive there during 1998, so expenditure on serological surveillance to monitor mosquito control efficacy would have been to no avail.
For the untreated Xuan Tien commune where serological surveillance continued through 1998 and 1999, inapparent infection occurred in 12.5 and 4.5% of 12-14-year-old children. Although the clinical incidence rates as a result of the 1998 epidemic in our treated communes of Nghia Dong (0.15 per 1,000 population), Xuan Kien (0) and Xuan Phong (1.5) were substantially lower than for the untreated Xuan Phuong (31.2) and Tho Nghiep (13.4) , no cases occurred in Xuan Tien. This suggests that clinical surveillance alone would be insufficient to detect dengue virus transmission. Furthermore, little or no effect of control was evident except in Xuan Kien, where 94% of the Ae. aegypti reductions had occurred by October.
Once patients and Commune Health center staff appreciated that serological diagnoses would be performed in Յ 7 days and that the results would be available in a timely manner, the number of clinically diagnosed patients providing blood for serological testing rose to almost 100%. The results of serological quality-assurance programs and confirmatory testing at NIHE suggested that the provincial laboratories participating in this study were producing constant, reliable data. Although this study illustrates problems associated with clinical and virological monitoring of the efficacy of control programs, the entomological data clearly indicate that full implementation of community-based control with Mesocyclops requires Ն 12 months to become effective. Because the Vietnamese government has adopted this model into their national strategy and shifted their emphasis from an emergency response to preventive control, this time lag should represent no problem.
